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tt I t i tlIll'. It'\\t'I 	 Ill tti	 111	 tI'I Ill :• k i t	 \(' . 111\	 lllt'll'lllt -tit .11	 l i tIM 1 ; 1I	 t'1':.l	 t{llt' I1' (tit'
llhl' i'I 111 \ I t I t ill:',	 11.1\ t'	 1 1 t't'il	 1'1 t':•t'llI C I	 It 1I	 I 'It 11:It11'1I Ill 1.1	 .!111	 I t Ill I	 \\ 1111	 Ilil`llt
ll :It:1	 1'1 1 1 1't ^.•1k'Itt{111:',	 It1 	 11'('.11	 \\ t'.Iltlt'1 ,	 t'ilt'1 :',\	 1'.IIt'	 .IIIt1	 t'.11`Il.11	 t't +r•l;•,	 t't i lk {t'II , t'1' ^llt
1;11'(`	 tIt':•I1;11;•	 .IIIt1	 1it'1'Itil Ill.lilt't',	 1111'	 t't + IIl1'lllt'Il.t't1 t'1+111111	 .11lt`II	 1 1 t't 1 :'I .Iltl	 \ It'ltl;:	 lit`
It'.II 11'I1:•	 t`t	 Ill('	 :•111 1	t•\ :•1t'I11	 \\ llll'Il	 11,)	 III('	 11` \\ 4' :•1	 .Illl1tI Il	 tilt'I t'I111'Ii1.11	 t't+h
{ ^ { I^l 1 1'1 1 	 1 1 1 1
\11	 t'1 1 I1t{111,'Itt'1'a 1't'tt't'l It :•It' tit' At It 1 ltlt' C11 1II1'0111110II1 1I111 1 11;;I1 t'\.11'+'1-•Ill\t' l\\t'li
t 1 +'11:13, It' \\t'1 :• 	t + l'	 :111 	 111 l' \ 1	 t' 14'1t ' I	 tilt'	 lt':•:• 1 11	 \\. il ('1'	 I1`'i 11	 Ill('	 It i llllt'1	 tt`	 Ill('
lt4'.il	 :1(Illt':.1illt'It'	 1:• (11111(' ('\It'11:•I\1'	 :\	 IIIIt't'	 It`ll	 :•t ll ill'	 1 1 ( 1 \\t'lt'tI	 .ilf	 t't'Ilt{It 11 `Ilt'I
t't(llil`I't't{ \\ (111	 1(.11	 l'1:1(t' t't'l1t'tlt + 1'h	 \ .IIk 1 1'l- t':•	 I11 ` '\lltl.11t'l\	 I l	 ,1	 Itl(t 1 :', 1.1111:•	 \ ^ 1 1	 11'1
1 1	 \\:ilt`1	 1 11 ` 1' 1It'lll',	 t1;t:•t'tI 1114`11	 .111 t`\t'I .t1l	 1 ' t 't'Itlt'It ' lll	 t'I	 I'('rtt + l'lll.11lt ' t' 1`1	 1 1 .11,+ tiI
Ill('	 111 .It'l l 1 l it'	 `lI I'I 11 : 	 Ill('	 ;•ll I  l l l lt'1	 I  It `I I(f 1:t	 Ill	 :111	 I  It 1 :111	 t't'It lt' 1',	 111,'	 .i1{1 {11 1t 1 11	 ` 1 1 	 \1':11 t'!
\ .11'1'1	 It`	 Ill('	 .1I111`1('I1l	 .111	 1:•	 1`llc'II	 t'II\ l 1'1 `111 i1 ('ill .Ill\	 1`111 t't't it'i1.11 i1 t'.	 ll	 1:•	 :11 :t 1	 It tit +\\ 11
Ill.11	 Ill('	 lltt'I c'.1 ht`	 1`l	 1111 `I:•l ll t't`	 111	 11 1	 111:•1':•	 tt`\\	 IIIt'I'111 .I1	 t'l lit'lt'11 ` \	 t i t	 Ill('	 t't'11t'1'It11'
I'll lllll'I 1111'1'(',	 lilt'	 1	 1 1 1'111 ,ll 111:', 	 \\ .11 t't 	 l:•	 1'lIt'lllll'.111\	 t It',Il t'`1	 It 1 1'	 .11111	 t'1 i 1'1'1 + :•It'll	 .11 ltl
;11111	 l i t'('.- 111;',	 :IIItI Itit' tll:•i'll.11':',t' t'•t 	 :+11.'11 \1 ,ilt'i 	 tt 1 1	 IWIIIII	 11AII,'(' 111.1\	 t`\ t' H i ll l'tIt'll
Otit' t'\1:•1111:; \\At  	 lit 'A111t'lit	 1 11 .I tit:: 	lit	 IAI.III\	 IIIc '(rt`1`t`1it.Ill 	 .1rt`.1:•
l ' IIC it !'\	 t't't'11[ W 	 t•It'1ll I1;1:•	 (` 1 111 1'111:•I .lilt It 11 ', 	 It V Ai lt.l:;t';•	 1,11	 tit , 11 :11 111 11	 t`1'
\1:•It i (t'	 n'11Ultt'11	 1il	 •1'11.11:',(',	 t lil	 1'I .It'llt'.111\	 11l.Illllt'11.IIlt'(`	 II't't',	 It' 1 	lit+	 1'tvtlllrt'1llt'ilt
11 1 1	 \\ .111'1	 l t t'.illllt'Ill	 1 1 1:IIIl.	 .Ills{	 It{ ,	lilt'	 t'llilllll,ll It`ll	 1`l	 111.11.( 1	 11+	 \\ ;Ilt'I'	 :•111 1 1') \
1 ^1't.11l:•t`
	
1 iI	 111( 1 :•('	 t't i llr•lt{t'1 .Il It'll:•,	 :•1 `1.11	 ` 1l - !\ 1 1 11	 .Il I	 1 1 1'1 lilll It i ll t'! :•	 t{t':1 : 1,111'({	 it'l
\\ 11It'	 :•I`rt'.It1	 rt';•lilt'Illl.il	 111111. ,111`'11	 111.1\	 t'	 i t11U11 t't{	 (t 1	 ll: ' c'	 ti l'\	 t'1 `1'1111:'	 11	 1:
tit + lt'tI	 111.11	 till' 1 1 11 r l t'ilI	 11(':•1:11	 t't	 flit' t't`Illlllt'f t'1 .11	 lltllllllll	 l i ll`ltlIt{t'	 \\ .Ilt'I	 .'l`r•t'! I`llt`ll
t'1 1 11i{Itlt + llt'Ir•	 l:•	 111 1 (	 tillll.11 il t' ti l l' lIN 111! 1, t{1 	 t'l it i 1111:'	 1{lit' 11 1	:,11+11' 	l	 1111'
1 1 1 1 \: • I;ll 11	 .111111	 111	 lit'	 .lti:•t'!-1`1'1	 .11	 111!;11	 ;lilll i lt'1lI	 :Ill'	 lt'i111 I t 't'.Illlrt':•	 1 111:•	 1i11' 1`lt'I11
Ilill:•1
	
t i t'	 :•t'1 \ 1 1 11	 l't'It'1 t'	 t{1 \	 t'1 `1 `11111',	 1 1 .(11 i t 	 .li {,11 it 1'iI	 it i	1111'	 ,Ill'	 1 1 1 1 Rt{1111 `I lt'l	 1^1't't'l ll
h 1 111 ll t':•	 1`l	 h1'1.11	 .11'ht'1 1' 1 1t'll	 .11 1	 t'1'IIt{lilt `11111:',	 •\ :•1('111:•	 11,1\ t'	 l i t't'II	 t'` 1 11t'l'1 111 1 (:	 \\ Ill )
IIh`:•( • t'tlull`1't't{ \\ Ill ) \\ t't	 i't'1'11n: • 	tt`\\ ( • l :	 Ir('1:•	 l	 .Intl "1	 In lht:• ;•lui{\	 1111 • t{l \
11 ``fill:',	 It•	 1 + 1\ 1 14`:•('(1	 tt'I	 ;1	 7('1.11	 l i t + \\t'l1't{	 l^.il11t1III	 t'1'lllt'1't':•:.lt'll 	 :111'	 t'1'IItllllt'ilt'1
\:•	 1't `I11I i :l lt'1{	 lt'	 \\t'l	 1'1 (`fill l;,	 :)	 1`(`:•:•11+1 t 1 t{I t•.It{\.1111,1, ;t' 	 .1 :•;•t 4'I .IIt'i{ 	 \\fill	 111'\
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ill('	 1 ,111('1	 :•\ '•I 1'111	 1 • t I ii 111 l(':•	 lll:,llt't'	 1'.11 `II :11	 :1111{ t'{ 4'1.11 Ill:'	 t't':•I :•
t.11ttlt i lll,It	 IIIlf1'	 III:IIIIIt'il.11tt't'	 t ti:,I	 1:•	 lIl\ 1`1\ ('th	 l II t'	 lIt'.It	 l t ,lil:,lt't	 1i\	 .11 l	 1	 ItIl11'I`
1l':•;•	 c'IIt'1'il\	 II1.111	 1i\	 \\.11,`1	 fll	 .lt{11111``11,	 Ill(' 1 1 \I,	 1.111	 1'1'1'lllt'lt'Ill	 1'1	 141111('111:111`'('
t'I
	 .111 	.II I	 t'i i lltllllt i llt'l	 t ljllll 1 14't{ \\ Ill )	 11 ` 1 11`1'111(11( I .ills: 	 1 .11	 t't'f1t't'l1'I :•	 lt• tlllltt'	 Iii\\
.IIitI	 It	 I'(,1('t'l:•	 .1:•	 llllll'li	 .I:•	 l\\ lt't'
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I11't'slsioll Ill;Ichill1' does. 	 Th s, :111 llno1111 III 1l1'u ill's' sill ► ,^,It' ► ll 111:1\' ht' \'t'1')' vostl^.
The obje'l1\'t` of this slush' is to t't'ollotllivalll1' opti111izv the tit-'-cooling suh-
srsit`m f()1 • :I s()lal-Illowet •ru It:ulkulr t •ompi-ession ait • t`olltlitionel , 	The t'onllnitel• -
i. • t`u l,rtlgl-atll selects ill y best pos.,ll ► it • ur\ cooling sul ►-sYslt'nl tlt`sil;ll by ()lilt
Illi"ing Ills' llt':11 11':Illsit'I' ;Ill() Illt'1'i11ou\'ilaltllA' 1 • 11.1llons \\'till t't'(rlit) III It , 11'atlt'-tills
FCONAMIC OPTIMIZATION
Ill` t't'o11u1111t' :111:11\ sia is based till lit' t`;II111:11 and o11t`1'ating cosh t i t till , sohl-
l 11 1 \1 t' flit sYsIvlll \\ lllt'h lllt'o l'l lol':Itt`s lilt' 1 ► :1111.IIIt' \ ;I1x11 • t'ollllives -;loll fool `Ill., silt s -
s\'stcm.	 I l lltllllll;Illull I"; ha.;t'll oil 11111111111 .'111 1; Ill y :Illllll:ll to1 : 11 cost lllt'1't`Illt'lll
hrl\\'t`t`Il tlr% cooling and "ot-cooillig,
M."tt'lll tlt'st'I-Illition
i
I'llc st'ht'lll:ltic asscillhl At' of lht` Sohi • I1o\\'t'1't'tl 1%:1111,111c t't t llllivessloll :111' 1'1111
ultlonct . ;I1t 1 111; 1\ till Its lilt-I IllodYll:llllIt . I11't'NStll • t' cm hatlll • ill:Igl':1111 for (lit	 \\l 11.1,Ill
Iltllu is shown 111 IIglll't` I . 	 t IllY Ill y 1 • trolilll; Illodt' of ill y 111;1A'lllllt' Is t'ollslut'1't`u III
this shlu\	 Althotigh lw;Iltrig t':I11 ht' :Iccom lit ltiht 'u with till-, s * stt'ill, It is I14 1 1 toll
tiitit'rt'tl in this I-clxrt'l.
	
Hit' \\'()\Lint; Iltllti t'host'11 is 1' l-voll- 12 (it- 12).
	 This does
not cult` out Ilic List` ()f olit'r ► lulus.
	
'I'ht • t`hect of Ill y lht , I-mo lA,n:111lir lll'ollt'1'1its
of pott'llll:il \\l11 • I.Ilig Illllus till Ih1' lit , Nol • Ill;lnce of :1 st l t:ll'-lll'1\t'il ht':1( I lllllll , has
hooll :III.1l .w.ed ill I .O 'e1't`Ill't' ' 1 .	 Hit, s)'slt'111 11 ul'sllllt'11 (t 1 I11't r \ tut' (111'1'1' loll s of
ail' t'ontilllollllig :It tt't11I 1 t`1';lllll't`s of til t) C t.lt" ' F) Ill ill y A , %:111ol':Ilol' :11111 Al l :-.o c
t2112" F) Ill Ill y both'\'	 I'llt` A'ondollslilt', It'Illlx't':11111'l' All lilt' \\ol'king thiltl .11 1ht'
:11 I' coolt' t1 t • t lilt It 'llsvl , is trill` 01 lilt' (olll' s)'slem \':11'l ahlt's witch \\ Ill 1st' tllst•tisa•u
lit :l I;IIt'1' st'1'llon,	 A t;in ,vlt' tltiltl tit- 12) 15 will.'od lot- hoth k.inkint' :Intl Com--
1 1 1't'sllotl t` \t'lt's till' s11111 1 1111vil tr1(111 1 111t'111 k1csit;tl,	 :Illholit;ll tilt' list , of tlltll'I' 1 lit
Ilultls (ont` lot' It iilkint ` t' )ch , :Intl Iho olht'1 • lot' lilt' l'o111I 1 1't`ssloll t' \t'lA') I11:1Y \'lt`lu
Irt'llrr ovvl- 111 t'111t•ivilcit`s
I'lic wol'king 1111111 is %:Ipot l. - A`u h
.
\ 1ht' lit':tl supple ti h\ • tilt' hilt \\ alt'r I r'oln
l'ollt`t'(ol' of slol':I.;t' I.tlll. Mit t t sho\\II 111 111;.	 I),	 :Ill() tllt'll t`xl l ;ltllls Ill Ilic t'\11:111111'1'
to III-m itlt' Ill(' I1t1\\ cr for boil) t'oll ► I r rcssol' and Iaitllll.	 'I'lic exh;ltlst valn ► 1 • I'l-oill
Ills' 1`x11 :111t1A'1' :Illd lilt' t'o1111 1 IV.Ss1'it \;11 1 1 1 1' ICA\lilt', Ill y t'0IlIj l IVs.',0I' :I IV t'trlltIt`nst-,I
111 the ail .-t'oolt'u A'ollut'11st'1 • .	 \I1 :II 1 1 1 1 ' 1 1 I 1 1'lalt' ;III14 1 11111 All ille t'onkit`ilsalo I` • pullipt`tl
to the hollcl . for \	 \\tlllt' Ill y rt • Inaining Iltlllitl tlht , No -,lass flu\\ l"111—
:It*( , a111u111 1 Ill y 411111,111s of Ill y design I1rul;ranll is aui;1h;ttic;II1\ vxlr:m1Ic1l ill I-oligh
Ihr t`x11a11sio11 \ :II\ 1' to the t`\ • :IIx l r:ltol• 1'rt`ssurt'.



















11	 lv1\\t`r 1+1-1`lh it , t kit l+\ th4` t`^l+;lnli, 1.	 I,\1 l tltit II r1
\1 I	 i't+\\ t 1 tilt- !114` 1411111+, L\\' lltlI 	 111.1t




t't 1 t'tllt'11'III • ` I	 1 It , I'lt 1 C111.11 It' t ,	 l I I I ,	 (+i	 (It4 , t`t +1111`1'(':::•,,Ili
11





	 t't`t`I111:; t';Il+:lt'ilit 1`i 111! • ;111' tl l thiltit l llt'1 . .	 L \\	 tlt(It 111.1t
\1	 1h`\\ , • v t, 1 I. lht • t • t+n11 1 v4t ;at + I' , 1.\\	 1 11!11 111.1
\\1111	 \\	 \\	 ! \\	 the ,`\ 1`!'.111 , ocI l lt'It'I • ; t+i 1+t, 11111 , 111:111('( • , 1 1 1( 1 1', Is
\+	 1
`1+
I	 Ill.tll1 1 1;;•	 )	 `1' 1.Ivioll'• COIlt it'll : ' IIlf; 11'1111 I t' 1'.11ItI'(':• t`1	 .I 1'c' 1 11,1IIt'1I











	t` 	 1tI '	 t`\ .11h`1 ;111 1 1' IcillI`, , 1':Iltll't ,	 l	 1	 l 1"
t
It	
I+,`III I . 1t IIII`t`1';IltII't', 	 t \	 lt^l
t	 \1	 (•\1` :Illtit'1' t`Ilit'lt'llt'\,	 tit IIICIltilt+111t`SN
1t	
1411111` t'i11,'lt`11t'\ , 	 ti1 lit t`11:i it'll lt • : t s
I' t't+11111	
t'01111`1't':• Nt`1 	 till, It Ilt'\ ,	 tillllt'I1:.1t`111t':•:.
	
1, • 1+IIII`tItt`1'I. , t'II 1 1 1 1! I Ill I.	 It 1011	 1 1'1 1 2; 1'.1111
1 • Ilt' 1`1',`t;l';1111 t.`1' tilt` . ,`1111 1 11tt ,	 \1,1:• N ;'llll'11 l,` !'.11'1'\	 Out the 11111111111. .11 loll t i t Illt •	 i' ^(
I, i t :11 .Itlllll.I	 t', + I IIlk , VC 1111'I11	 I'llc :•.IIII, :;lt:kit I 1110 \\ t'i't` .l1`1+IIt'ti It + l' ih 1(I1 1I l'\	 ,, I t 1 1111:;	 l	 +
:111,1 \\ 1'l	 t', I t 1 11113; \\ I71 11 1It'It'1'111111111t; S \ :^(t'lll t't+Il:a 1,111!!:•. 	 , t'Iltill1t+11;:,	 .111,1 Ill y 	- l.11t' ,`1
i
Iltt	 .11'1	 I11t` 1 + 1', 1 :'.1.1111 ;it '•'lilll`11, 1 11ti,	 1111411 11:1(:1 vol lit ll'I111'111:•, 	 ;•1	 •!t'1ll \.iT'l.11 l lt s t
, '1 1 Kt	 th 111.IlIt+l1 N , 	 ;111,' I l ,`!'!',1111'!	 ,11'1• t+lllltllt'ti I+t'I,` \\ 	 .
II
\ •:•U111F`11,41N.	 Ills`	 I\ 1 ;;1'.Illl :t:1 111111 1 I1t+11r	 ,`1'1' 111,` I,`!lo%\111:', 	 !`
I	 I I1,	 ;111' t`, 1 I11it111 I ll( '1' 1`1 1	 ,IV Ill .lilt' 0 1 ,1vIt :: \\ 1111 ,'011t11'llr•I[W. I4'1111 1r• C;111tIV Ill







t	 I ' llt' 11,Ist Illlt , solaI . vol it't'It t rs t't o ll 'N III( 'Il'4i 11t'1't'lll .I IV Nt it i l ll\ltlV C10,11t't1
.t
( y ou'll '1'• black t' l ll'Otilt' • 'hil l 11 . 1\'t' 1 %%o loam lover`: \\hich 41t'll\cr It ' 2 52 is V ill
IISO Dill lir- 11 - 1 ul Ilt':11 It' Illy ltttllor.
: I .	 Tilt' port'(411:19 `EI tit tilt` COOIllig lttmis 111	 nitt's :11'4' h;lst't1 toll th ' .' dat;l
I't'lhtl'le'ti ll1 1't''t`1't'llt't i t	 1 \\t i t':1 t' : t't i 1! y ltlt'1'l'(1 ht'lY`111 :11'4'	 lit t't't`Ill ui 111,' I(1l;ll
Iliad fol . 1'h1 1 :1d `lplim anti Ia pelYVIII lilt' NItalill
-I.	 FIit` :111'- cot tIviI t't t ilt "on so`r is a Nillglt' pass t'ross- IItI %% 11lit , %% it 11 hull lillttis
tail' milk` :Intl 1''rrtttl sidt'1 1111n11\rt1.
t	 I lit` air slily 1 1 1 • 4`s.s li:'t` iit - t i l l ,amts" Ills' t't t lltit'Iist'1' 11 to ht' h4'lit ,114 1 \ t' .1
.t
1111Illillal \.1111" l i t 	 l^ 1%^, 111 - , or" Ill t t- ) 111 01'414 1 1' 1'	 Il k t`1'%'t i 111t' :1 111't'SSlll't` till It , rontl :11
, • .Illa`ti h\ \\ Ilttl
Il,	 t^t t lltit't. N t , 1' 10 1 4 	 • I IV I Ill il ;Ills) lilt -I I . I lit , 1. 111.11 rt'sISt;llll`t' IN llt'giIgitl lt' ;I1^ t'ttIll
1 1 art'ti It, air 1.Iill rt'>'lStan%'1'
I 'llt' ll\t`t1 charge ralt' is 10.2 li t , 1 •t ono till tilt, hauls of v 1wrt't'lll 	 II t rt' y t till
Ilk t , %'.11 , 11:11 coal lkir _'O \t'.1V1ti.
1111K1t data. - 111put tl;ll;l tilchltlt' air contiltlt t llt'1' Ili , 1'tt t l' ill :lllt't' lllg. -'1, solar Item
t',iIlt`t'trtt ; ► '1(i deli l • t`rt'ti I 	 illy is, , IIcr, 1it , Ivelit.1p , ttl 4 . 00IIill, ltl:lti stlIlplled 11% sol:II,
hem cwll ;lllger Kltrlat' t' .111,1 ItS lit`I'It t l'ill::Ilt ' t'. Ill 1111 Ill LIM :Ill' Slil y 1 , Iv.,sitro ,11 , 01 1 tit
lilt' t • t i lltit'llsol'	 I • ;llr(t t',`ohill , k':Ili;lt'II\ of (ht` all' t't t lltiittt i llor. hollor t('llllWl';ltlli't`,
4`\':Ilh i l';IIt 1 1' l4'illl it`1';llllt'4',	 ".t`:ltlwl . t1;11:1 Ilt`I111 1 c'1'allll't`^ of the silt`,	 (i1 ti11t'1'tlt's tit lilt`
\\4 1 1'1.1111, Illll%i :11141 al. 	 tit`SII;11 t't t lltlt'llsllll, It'111I 1 t'1 • :Ilfire of \\ • t`t- VOk i ling s\'stt'ill,
111cl - 111:11 t`tll%'14'11l'It`N i l l t' t11111 1 111t'lll t'4 i i111 it i lll`Illti lt'\1 1 ;illtlt`1', l't t llll t l'Ossi l l',	 l t lllni t ,	 tall,
t'll'.1, ll\t't1 t'lim -gl ` 1':Itt', Mid COSIS t i t t'I('t'tl'lt'll\, solar l'l o llt ` t'l, t l', 11(':11 t'\t'Ii;IIIgt`I•
sIIVI;l%'t',	 t'It't'll'lt' 1i10101 • ,	 :11141 1:111 hi;ltit'.. 	 I'llt`:t` 1111 1 111 Imr:1111t`tt'l- ,':111 ht' I't';ltlll\
t'llallht`t1 141 :is It1 allow lilt' 1irogralll 141 ht` tlllilt` gent't';ll :111ti :I&II I l:ll i lt' to Ili,';Ii
('0111(lllltills.
1\sI t-ill \ a1'1.1111	 till lilt' Illpt11 anti 11.1r31111 i l l t`1'F	 lilt' Ill 1 1 1'010llllltl, 11 oat
IvmisIi t 1 , ;Ind o , -;I e x Itl:lII( I lls ill Ilit' SlkSIt`111 % 1 ;111 lit` \\'I'lllOff III 10 I'M s ttl 141111' v:11 ' 1 :till t`.
\\IfIch ,';111 l i t` \':11'It'4i Int1t'I4'll4it'll:l\' ;111ti \\111 %h 11111Nt lit' k i litI Ill I. t'tl to \14 ` 141 Ills •
 lt':Isl
t'U.I t i t Ill y -,\ ^It'lll
Hit . omit . \'arlahlt'• :11v	 lal initial tt'n11u'raturt' kilttt`rt'nk'(' t l I'l l), \01tt'h is do-
1111t`%I :is (lit' tt'illlit't'atlll •(` (i0101'01lt't' ht`I\\oon illo working (Milli t'ilt('1'1111; tilt' t'011-
ti('ll:•t'1' :llltl lilt' .11111 1 1t`Ilt	 ;tit',	 till %'t i lltlt'il Sllll , tt`Ill1u `l';11111't` tit 	 lilt' \16000111" lllilti
it') Ii1111111 ct' of Rohl' ha11Ls I11 lilt' (tll'001011 tit ;111' lit l \\, :111ti t ti)l mass \t'10CII\ 1,31110
i l l tilt' \\tirl.l111
 Multi and tilt' ;tor.
Cost t`tl llatl( 111s.	 The 111%'t't`:ISt'ti %'% t :`l kith` it' lilt` list` k i t tit'\
	 t'4h111111; In%'llltlt`S
lilt' I't`tltt`Ill;ll %':11 1 11:11 %'1 1 61, t o l it`1';illilt, c o st,	 .111ti 14011.IIIV l'4 1rt (lilt` 1%i tlt`l'1't':I ti ('t1 tht`1'lllal
011It'It'!lt'\' and It1lt't1 it l l.11' t`1i111I)ill0111 y \\11011 ,`\4'r ill,` :111111 10111 14'111 I l i' 1'.11111'(' Is Illghcr
Ill :111 Ill,` des It'll %'till4hll kill .
i'llt' 00st 441 lilt` \\t '1 t'th l lIIIV It i\\'t ` 1 , :ulti tht' \\'t't-t'tilltit ` llsor Il l r lily t't111 \ t`nttonal
^_ 1	 '	 ^	 i	 '	 I)	 I	 '	 t
ti





system is estimated at $700. The nimntenance cost of the wet-cooling; systvtt ► ,
which might be sigmtticant, is not Included in the analysis due to lack of data in the
field.
The incremental capital costa are broken down into.
1. Cost of solar collector: y l = C l (A 1 - A2), Miere C1 is the cost per square
foot of collector, A l the collector area r(xduired in dry-cooling; and A., in wet-
cooling;'.
2. Cost of hot \eater sit rage tank:y 2 _ *0.75 iA l - A2 ); see reference 5.
3. Cost of condenser surface and hcadert y j = C,,A, t , where C,, is the cost
per unit condenser surface area instal l ed, and A„ the condenser surface area.
4. Cost of motors for fan ::nd pump- Y4 _ C3 ("I + 1)q), where C.l is tl .^ cost
of motors for the tan and pump per horsepower; P  is the power required for the
fan and P,) the power for the pump.
5. Cost of Lin blades: y5 = C4  1 , where C4 is the cost of fan blades per unit
area covered, and A4 is th irontal area of the condenser.
Thus, the annual total incremental eapit:d cost, ,ye , is
Yc = (yl + .N ,2 +- y,l + y4 + Y 5 - 700)fc	(4)
where f  is the fixed charge rate or capital- recovery factor.
The operating; cost is for electricity to power the fan and is computed by
yo = C,-hl l	 (5)
where C5 is the electricity cost per K«'h, E the power for the fan, and 11 the
._«	 total operating; hours of the fan per year.
When the ambient air temperature is highct • than design temperature, the
thermal efficiency decreases. To meet the designed cooling; load, conventic:n:tl
j
	 energy (electricity) is required to make up the deficit. The cost, ye , is the
electrical encrg;;y penalty cost. Also, the decrease in capacity due to higher am-
bient air temperatures penalizes capital investment because 01' the partiall y or
entirely idled solar collector-storage unit. The capacity pe ►talt^ cos t, yf , is
computed on the basis of yearly lost capacity of the solar unit.
Thus, the ,yearly incremental cost of the solar-powered H: ► nkine-comps; _,ion
air conditioner with dry-cooling; is
y = yc + yo 4- ye +• y f	 (6)
Procedures. - The procedure is to minimize the : ► nnu:tl total cost of the
system for using; dry-cooling; for given values of condensing; temperature of the
\vork ► ng fluid and compare costs. The minimization method applied herein is
llosenbrock's constrained hill c • limbin t- procedure (ref. G). hour constraints are




1111liob `il on lilt` b .%*Stl'lll (:1) .0r •..`loci11' IS to he kt , l ►t below •15.7, Ili g el' (150 ft St.0,
i t)) cornlil libin l; temperature 1s In llle rallge of :17 s tI C Iiuu" t'') and .+I,•I 11 c ( 1;1o o I•'),
(e) tilt` minimtlnl allowilbie :lit , pressure droll across tilt' .'t,ndenser in :i. 76 kg Ill-
0(2 lb/ft "1, and t it) the lower hound and ulycl • hound ill the mass Velocit rallo of
entering \'al ►or and :III • are functions of Imillher of tuhr• Imilkn, Mr \t,locill, :Intl
ail' side ll ►'t'Ssurt` drop.
Once the dry- cooling hySicnl 11 :1. ht`t`n desigri'dfo r :1 l;ivell l I'll, its l,crfornl:Met,
it; eraI wit t,tl at anit ►ient air tvitiperaltires rein est•ntativc tit' local yeal'IY I ► 11cluations.
For Ihib design I'I'I), :I fixed air-cooled condtvli,er size, fall :Intl 11111111 ► 11OW4 1 1 , art,
assumed	 Thlis, 11'ht'n 1111t, condensing tent;+t,t,aturt, is hil;ht,t, 111:111 tilt, dt'sign \ alut•
(lilt , to IIIgh anlI'Ivill :III' Iv lit I it , r.11itre. tilt` cost to h1+lh t,llel'l; ' :11111 e:lII.Iv111' i emillit`S
is Own t,onl I'll tI'll fur this .1111hit,nl WtIll+et,ature and nlullipliod by tilt` l ►t`rct,nt of tilt`
Yt`:Ir this Icn11u`ralure is v%peru'necil ;I( Ow Site.
The oull,11t of Iht • l ► r'og aill IS lilt , annual total invivillc`llt:ll cost klu-Neett tII.
cooling; Anti \\et-cuuhnl;l, the design I'I'I), nunlht,r ill tube h;Illks, condellsel • size,
twisS Ito\\ ratcs tIt ' %%orkinl; liuitt •Intl :lie, :Intl othet, olltimilill dv: 'gn sl ►cetfications.
I'hc 11tH\ d1:1gralls (,t (he eottll)lltcr design 1,rol,ranl is disl+im-ctl in ;1IIpvlIdt\ A.
I'lle i ;ll ►t:t tlal:l 1't't11111't`111e11t, 110t.111oll And l l.,-A mI . of tho ' . progi-.1111 ;Iry prvt, cllt cd Ill
:^plwildix It.	 A s;1111111e t]t'Sll;tl 1 , tltl*11( 101' llae Ill I 'lilt :ltlt'11+111:1 1 " l;i\(`II In :11 1 1wildi\ C.
]tl'SI'1. • 1'S AND I)IM'1 SSION
I' • iglires Z (a) :111d (h) shows tilt, ;1111111:11 Incren ► t,111:11 cost (tile to lilt' use of tll'Y-
cooling ill I'llila4lc11,110 ;Intl llli:lnll tot, uslnl; t\\o ditlercnl condenser surl'act'^, \\hick
arc lakt'll [I't,lll 1'l'IcI't • Ilt't' t.	 lswut,ivcs A ;tilt] 11 respectively 1 •0cr to lutist's I0-S3
;tlltl to-S-1  III 111:11 t'('tt`1'ellel`.
I'he ctir\cS along \\1111 tilt` \allitr shown indic;ltc the pot-ccntagt , tit' etx ► ling load
.-,n 1 ,1111cd h1' Solat, 1 • 11VI —g '.	 Vill . a large contic • n,el' lstliall 1 I'D), the cal+ital :Intl
ol+c • r:liing inc1 . 4-11 • Ill:ll costs arc 111gli p hill lit11t` or no cooling cal+at • ilY is lost (thus
Milt` or lit , t 1 114 1 1'h^ :11111 eallit:ll I ,ell;lltl' cost I., I11\ l6 t'(t) :it high .1111 hlellt Ar tcilllwr-
: bets.	 TO 111('1'1 lilt'	 :Illle perccnl:ihc- of III(' \eal'1) coollill , to;id ( .ill l,el't't'lit lot'
M1.1111i and 77 Iu'1'cent for I'll ilatiolphia \\hell :I \\'et- coohllj~ s\stem is used), Illc
increment;11 cost for adailling a dry-cooling systclll is quite high.
It IS nowd tll;lt eJ('lt Imillt oil Ills • elll , ve is n Ilit:11111 :11 optlllitim point con't^-
slx,rlding to Thal design I I'1), allil lit'h'e the true uldinlunl fur the dl,- t,00ling sub-
sYstem is that (Icsign ITO \t•llich \ ­ Ids tilt leant cost. 1•'ach 1XIIIIt also identifies
the per cellt:lge t+I lilt' cooling lo:ld provided I1,,' solal' onl`I gy. fillet' Inert, is :1
ulliquc \:flue of soh] . perct , 111:1ge for each Ix+int alum; the curve, the e111-\'e call ho
intcupreled on (lit' Ilasis of Solar I,el • t't'lll:ll;'t` of (he cooling to ;I(I as well as the
IT 1).
	













fluctuate along the curvelo. This is belleved to be the conscxlucnce of specific
dt,siim rc+luire It'll ts fu(-h :ts the numhcr of tube banks h:t\ini; to be an Integer and
tilt , inil used allo"vablc mininnum air pressure drop across the eondcnser.
The c • urvt,s in figure :tt:r) :utd kb) result in dtfiliitc nlinimun. Value: of the cost
WCI'Vnu'nt. Ill all caSCS, the cost int,retncvlt is Aluite sensitiN t to the solar Ix • r-
ecntage of the Coolini; load - particularll y that Iwrtiott of the c • urt•c \\ith
 solar Ix • r-
ecntal;t,s I ► ig ter than at the min'.munt cost lK ► int. For surface A under Miami con-
ditions, the cost increnncnl is approximAely 200 1wreenl greater for a decrease in
solar percentnge of .1 Itercent. Although the cost inercnnont also rises as the
solar perccnlage drol.S below the optinnutn Imint, it increases only' approxintateIN
15 pt,recnt tilt' solar percent, ►*e decrease of S Iterctnl. Results arc similar for
the other .1 ca&cs.
The sii:nificance of tilt , condt,nstr surface cieuign is seen by a comparison :it
the optimum Itoints. Use of stirfacc It would cost :50 per year more compared
to surface A, to meet 7: 1 percent of the cooling; load in I'll iladt,lphia.
Fi}:ure 1 illustratct; the itcnli%td :uuutai incrVnnt,nlal cost for using; a tiro-cooling
sYstt,nn to Philadelphia	 The colttril )Lit ions of cal+itnl, uptratini;, and ptr ► altY
costs to the total tnc • retaviltal cost are cicarlv Shown. The shaded area indicates
tilt ,
 cal,it:il savings :it those design 1'1'D's corresponding; to rclativel , small tati-
cictiscrs, Figure 5 shows the rffcct of numher of tube hanks on tilt, incremental
cost. The dashed lines arc used to indicate onl y tilt , 9c licral trend since the
nunnhcr of tilho b:unl.s must he all integer.
The Ilig;hlig:Inl of tilt ,
 optinnunl design specifications for I'hiladclphin ;utd
Nli:imi is tahulatcd in Table 1	 The breakdo„n of costs is :also g;ivcn thcrcin. A
sample output of lilt , design grog;rant is giccn un appendix C.
SUMMARY OF Ill•'Sl'LTS
:\n optimum desigrn procedure has been developed to eslinnatc lilt :itinual in-
crt,nu , nl:il cost fora thrcc-lon st lac •-p owort,d k;Inl.ine compression Al . ton
,htnoner c Ittuippt,d cci:lt a cil'y-cooltrtp; condtnscr oVer that „ilh a wet-cooling
t	 1'. Conclusions rntav be made as follows:
I Tlic stnsithity of tilt cost increment htt„ttn tilt (\\ . o cooling; systen ► s
illustrate; the ntc,l for ml optimization prog; ► • a-rt Wien considering; a dry-cooling;
solar s^sltm




a. l'he cost incrtnnent ,c:ts sig;nific:IttIv hi g;hcr ( :I g reatcr penalt y ) „hen
v:ducs of solar perccntag e of tilt' coolish; load tan input parameter) a . as I;rtatcr








1It.	 1 l t'1	 \'4h`11111; IN t'e't`111`I111 \'a11\ 1'1`11114'llll \t`,11t11 \'t`11•e'tt(1\ i llal \\4`1	 t'1411111;
\1114'llt'1t'1' ttit 	 111:II tit 4 1 11a114'4' 0 1.	 1'1 1tlt , I:Illt'r 1111111'11 1^ 1g1h , IV%	 111 !ills	 it, 1% 	 1h 111
•	 lilt` 1'.It1^t` 0I stil l , ti t $Nlll I tl'1' %4'al', e 1 l' 9f41:Itl'I'.
ft' 	 I'IIt' opt lllll Aton I`1'\ t 1;1':1111 11 as Itl't` \ t`tI t\` 1 1 4` atlal`t:111 14' tt` \ :I1101lN 10e':Ilt'N
U1 \tt'^IF; II 	 4%ItItl't't11t'111s,
+	 a	 11	 ell \ \ • ►h`IItIg * \tlal' 1+\ s.it'll%	 %1114'11 VI 1111111.11 ON \\ :Itt1 r 1 :11X 1 1' 111 1114' A
I	 ltl^tliltllt ' l't', t'Itt '1'h :l bett i l l , 4' 11\ IVOtil11t ' lll \11111 :1 NI1^111I% IltgI1t ' l' OF tit` . ddl11011:11 t'O.A
l	 t'0111t`al't`41 It, (114 	 1\ 4'(	 1'\h`Itt11; 11' \\ 4`1' N\ :.(4'111.
y\ 1 111t' NIt;111t11'AIIt 1 , 011:IiltMt'. 14, 01 1 1 I'm	 1`C tltlt'Nttoll-, .11't' :tom (1'114\N N
I	 a•t t N1`t'I`I1. 1 11 At t' t'1`11dit It'll mt ,  It U. 110t 14 1 1 14 1 011 e'1 t llN ids , I 4'11 ill :1 it  \ 1'1`1`1111'; :•1
lt'ltI %Ith' l\' 1114 C1'\ NtA 	 I: A it' II 1`t 1114' \1 \tl'1.tt1 I. tIold al III 1;11 .11111'14'llt t4't11t'1'a Ill 14':•
II !III .. I,vot 1 1I'M 1':111 1 1 1 % ;It itII-4-I..4'\t tilt) N1\ t'\I I lilt' I4'llt'litt• 1`l tit \ 1'\h`1111F; \1144114
14 • :Iltl`Ilt':11 1 1t' I1`I	 Ntl\' ► 1 kill II .
:^.	 N1,11111t'11,1111't' 1't`:+t lot . \\.144'1' t1'l':It11 A I M 1`t 1114' \\ t'1	 1'1`.`11111; t1 %%4'1' tit-4'd tilt'
1111 \t'lt 1't'Nlttt'111tal :114' 4'011etlllt`Ilt`1':•
1`t Itt'.11 t'\tt,1111,t`l'N (t i t' t't'It't'lllll; %%A., 10 Ilt`:It 11` .11i11`I4111 .111', 	 :I:• 1't'































Flow Diagram of subroutine calling
MAIN	 Jain program.
START Finds starting values of variables such that they satisfy both the explicit
and implicit constraints and do not He within any boundary zone.
OPTIM Seeks minimum by means of constrained Itobenbrock method.
F	 Ohjcctive fLUI tion of the total yearly bus-bar costs.
cX	 Constraint functions.
CG	 Lowe 1 . bounds of CX.
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\I'I'1' • Ni)IX II
i'Itl)Gl1AM INPUT DATA. Kt )TA I'il)K, AND 11:'TING
hiptit Dat :1
AITI)	 Initial Icillper:tturc difference (lempt'r:llure difference betwecn the
condensing; It- 1" and Ihc ambient :lit-). IF)
\L:\	 I'hcrnlal con, uctivih' of air 41ttu'111 .-1't- 1')
kIt1,	 I'hcrnlal conductivity of liquid R- 1" (111u/hl•- fl - F)
A1,1'lIA	 Ratio of total transfc ►• area of :lit •-aide of he:Il eXc • Ilang;er I ► , tol:ll
eXeh:ulg er voluble
ANII'A	 DY11:111lic viscoslt .\ (it ;lit- (1bAll--fl)
ANI1 1 11G	 Dynamic viscosity of K- 1" \:tpor tlhi',lt-ftl
AA11 i 11L	 I)ynamlc \lscosity of liquid It-1" (lb hr- It)
Coefficienls of cun • c tit for It:Illkinc cycle (41iciency
('3 - C5	 of curve fil for c'oilll,t • c's.,ioll cycle l'l)f'
('ti - ('tl	 Cocllicient5 0l curve fit for cnlhall ►y c 1 R-1" vapor
(';) - ('I I	 Coel •''.cienls of cur\c lit for c'nth,lll,Y of It-I'' liquid
('12 - C'13 Coef ivienls of curve fit saturation 1 ► rr>;surc' Of R- 12
('1 . 1 - C'I5 011-ve 111 con y , uNs for dimenr:iorllcss 11"A tr:ulsfer coc tilk-Ictlls for
heal	 surface
C16 - ('17 Curve fit cunsta)18 for 11-101ioll 1:1('(OV Iccr heal cXchang;e ► • Surface
CIS - C20 Coclficicnts of cur\c (It for spocific vollmle of R I:! liciuid
C2 1  - C"3 Coefficietlis c,I cut'\c Ill for r,tccc • Ific \cclunlc of I1-12 vapor
('l)til . 'M	 lost of ciccll • Ic • molor (ti II I')
CO., ;1 . It	 h :111 blade cost 14'r :Irea cc,\ crcd (
	
ll' 1
('I':\	 SIx'ctfic he:Il of air (lttu % Ib- F)
t'I'Itl	 Nwctttc Ilc :It of Ilclulcl It- 1" (1011 1I ►- F)
Cost oI c'c,c,lIng; tt, \\cr por 111111 tot ;11 :11'l';I of eXvIl;lll^^;t'r IS It`)
l'l)ti I'\1' 	 ('cost of , t'Ic'c'll'll'1(\' I.^' h(\ II1
COISTC	 lust of ti,l:ll collector- tti IF)
DFQ
	























Recoverable energy factor for moving air (percent/100)
Fin thickness of exchanger (ft)
Tube diameter of Beat exchanger (ft)
Ent-ring pt'cssure of air (1YO2)
Percentage of cooling load supplied by solar
Prandtl number of ctur
Prandtl number of liquid It-13
Cooling capacity of the unit (Btu/ht)
Ratio of fin : ► rea to total are of the air side of exchanger
Dentiity of air (lb/ft")
Density of li(Iuid K-13 (lb/ft' )
liatio of I'rce•-flow to i:ontal area of :sir side of exchanger
Fin height of exchanger (ft)
Ambient air temperatures used in evaluating dry-cooling tower
performances (F)
Condensing temperature of 11-12 of baseline design Net cooling system (F)
Fluid temperature in the evaporator (F)
Temperature of fluid entering the expander (F)
T110i • ntal conducitivit.y of fill m:1teri:il of exchanger 111tu"111--ft-F)
Fraction of year TAIL (I', experienced
Velocity of air delivered by lan (ft/sec)
Longitudinal tube spacing (depth pitch) of exchanger (ft)
t
'I'r:uisvertie tube Spacing ovidth pitch) of exchanger (fl)



























Not al loll I
Total heat tr,ulsf1 area of aft - side' % heat exch:t. F.% I (ft"1t
Annual penally ca1 ► wd mid operating; costs due to :1111hivill air Ic ► o1u'r-
atur. • s above desigli temperature ($/yr)
Total annual hum-bat . cost of the sYstenl ($/yr)
A ►In,lal ptinalty capital cost title to ambient :tit- tcn ► per;►tures ibove
design Ic111perature ('*/yr)
Ant ►u:.l penalty operating cost efue to ► nhient air (emperAtires :11mvi,
design temperature h/yrl
Frontal area of heat exch:ulg;er (it 21
LOg-1111c., 111 Ict11per:11111't' difference (F)
'l • ubc lcnglh of exchanger (ft)
Mass 11ow rate of R- 1" tit 	 compression cycle (Ib./Iir1
Mass flow role of R- 13 fit 	 Itankine c.cic (lb/hr)
Nlnllbel• of transfer ►snit of ea01:11199-r
'['oLd : ► rea of tuhes of exeh:ulger (ft")
Coefficient of pee-fortn:tnce of com11ression (.Ycle
Gencr:tl stor;tgc vcctor
Air pressure drop across cch; ► nger (lb/ft - 1
11-12 pressurt • drop inside luhe (Ib/ft2)
T('111pernture 111CIV.1se of mr across exchmige 1 . (F)
Difference between Curren( %:due :111d previous stage Value of objective
function ($/V1•)
I)cvtli of exch:ulger (ft)
Vector of in ► 11:11 •icl ► sires
1"111 efficiency ol , exchanger (1 ' c rcent/ 1 ttu)
'I'herrlutl efficiency of the Rankine cycle (percent /100)
'I'c11111cralure ('llectiveness of exchanger fin (percent/1(1(1)
llrat exchanger effectiveness (peeved!, /100)
Friction factor of :tic across cxe11:111ger










































l"A	 Mass \rlooitY tit , 0 1. i ll, 111• ft` ►
GNI	 \load 111.Iss rrlovil\ of li 1'.' \alttlr Ills tit- It ^1
112:112	 ,Iris vela 'ItY ratt4+ tit rant+r 12 I ' tit air
I I A	 Me an air I,III1 4 , k 111%filt'tailot' tit :1 1111114 141 t'\t'h:ull;ol I lllu hr-f1'	 1'1
11 VA
	
Vall I"+\%t • r ttlr air tll1'1
tII'l;	 I'unllt l+owt+r ftil' 12 - 1:' III1'1
.1
li l;
	 11r:u1 li 1 ' 111m VOIl 1ut't:ult'o In .1 I' i l +o Il t iu III--ft"- 11
h	 Point 111,Ir\
I	 \nlllht'1• ill val • 1:1i l le ., phi., timillie r tit col lNt1'Aull2+
I t l l'A	 \tllllllcr tt.t'tt to itivn t1t1 \\'t`atlio r ::I: Holt
I 1 11 1 1'1	 Ma\Inlunl nun11 1 01' ill dart's tit tit , t a1t•t1l:liotl
11	 lll\t Intl ..1111 t h COW VOIler, i I for 111:1\11111.. It it'll, - 114+1'	 It toll
1	 Plillonstoll linlil In :<utitunt'liolls 1•', 1'\, 1'1. anti 1'11
\I i 	tiltll'a.-	 t't+11tI't +Ilt'1', l 14 1 1' slt+l'age In I 1 .\, l l too , tit , stol,I
NPA 1':1	 \ultll+t'r t+! data l+ttlnl.i It, 1/t' stored 111 PA
\!1\ y
	\Itnlhttr wwtt It' idt'lltifY ho:11 o\t'han l;t'r Nllvf:lt'r
1\1111	 \tlllll+t'l' "I till)&' 11a111,ti pal'allt'I (o til lt't'ltoll of ;111' tit`\\
KI 1 AI%1 	Ih1I1t'11"'1011 Unlit in ,ilbtmwttown	 V. 1'\, 1'l., and 1'll
\11 ' I •' I'	 l'01111'oI 111 ht 4'l+ :,I.'t't• tt`I 	 C.It'll	 I Ot.tl it'll ,	 I t It+1' t 1 1'i1"111.11 :•f1`l+ r•1- o,	 I
ittl' Stt'lt St,'t' f 1'0lll I l l 's'\ lotlPi 1'ota 1 loll of
I l l ' 1 ► 1'	 111 t'rall t't+t`llit'Ic'tll of I tt'l'1t 1 1'Ill.11lt't' of Ill y :Ill' t'0niiltl01WI' i	 l Ill'	 t't 11'1
t 1 1 tl \	 I1\'t'1'all loW.111 Of 1114` :111' 014111 .1 t't t lltlt'W', 0t' 1111
1 1 11 I1 \ 	 O\	 all \\ltith of Ill y air 4'tltllod t'ontll'n:•t'r till
I'	 \11111110
	
of \ ,Irljl s lt't-
!'l'h11'	 I'atl l itmor ft ► 1' nit' II\111
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